Abstract Purpose: To analyze trends in incidence and mortality of candidemia in intensive care units (ICUs) vs. non-ICU hospitalized patients and to determine risk factors for infection by specific species and for death. Methods: Active hospitalbased surveillance program of incident episodes of candidemia due to common species in 24 tertiary care hospitals in the Paris area, France between October 2002 and September 2010. Results: Among 2,507 adult cases included, 2,571 Candida isolates were collected and species were C. albicans (56 %), C. glabrata (18.6 %), C. parapsilosis (11.5 %), C. tropicalis (9.3 %), C. krusei (2.9 %), and C. kefyr (1.8 %).
Candidemia occurred in ICU in 1,206 patients (48.1 %). When comparing ICU vs. non-ICU patients, the former had significantly more frequent surgery during the past 30 days, were more often preexposed to fluconazole and treated with echinocandin, and were less frequently infected with C. parapsilosis. Risk factors and age remained unchanged during the study period. A significant increased incidence in the overall population and ICU was found. The odds of being infected with a given species in ICU was influenced by risk factors and preexposure to fluconazole and caspofungin. Echinocandins initial therapy increased over time in ICU (4.6 % first year of study, to 48.5 % last year of study, p \ 0.0001). ICU patients had a higher day-30 death rate than non-ICU patients (odds ratio [OR] 2.12; 95 % confidence interval [CI] 1.66-2.72; p \ 0.0001). The day-30 and early (\day 8) death rates increased over time in ICU (from 41.5 % the first to 56.9 % the last year of study (p = 0.001) and 28.7-38.8 % (p = 0.0292), respectively). Independent risk factors for day-30 death in ICU were age, arterial catheter, Candida species, preexposure to caspofungin, and lack of antifungal therapy at the time of blood cultures results (p \ 0.05). Conclusions: The availability of new antifungals and the publication of numerous guidelines did not
Introduction
Candidemia currently represents up to 5.6-10 % of nosocomial bloodstream infections [1] [2] [3] with associated mortality and increased length of stay and cost [4] . It is therefore a public health concern everywhere [5] . Intensive care units (ICU) are increasingly involved, with more empiric or preemptive antifungal strategies being implemented in patients deemed at risk [6] [7] [8] . Many changes have occurred over the last decade with the availability of echinocandins, the implementation of management guidelines [9, 10] , and, at least in some centers, the extended availability of new tools with improved diagnostic performances. Therefore, it is of utmost importance to analyze whether all these (expensive) changes impacted the incidence of candidemia and its associated death.
The analysis of epidemiological trends mainly relies on hospital registers which are often focused on a specific population [11, 12] , based on a single center [13] , limited to a short period of time [14] , or restricted to microbiological data with limited clinical documentation [1] . We launched in 2002 a large prospective hospital-based surveillance program for patients developing candidemia in the Paris area (France). Our expectation was that a large population of patients over a long period of time without selection bias related to the cause of hospitalization cause could unravel some epidemiological shifts, in particular by comparing populations of patients with different underlying diseases. The goals of the study were to describe adult patients with candidemia, to analyze trends in incidence and mortality of candidemia in ICU versus non-ICU hospitalized patients, and to determine risk factors for infection by specific species and risk factors for death.
Materials and methods

Population studied and isolates characterization
A sustainable active surveillance program on yeast fungemia (YEASTS program) was implemented in October 2002 with participation of 24 short-stay university hospitals in the Paris area. All blood cultures positive with yeasts were reported by the participants, with clinical and epidemiological data (age, recent surgery within 30 days, cancer, hematological malignancy, transplantation, HIV serostatus, immunosuppressive therapy, intravenous drug addiction, invasive procedures, and recent administration of antifungals 30 days prior to candidemia), filled on a standardized form, on a secured website and all isolates were sent to the French National Reference Center for Invasive Mycoses and Antifungals (NRCMA). There, isolates were checked for purity and identified to the species level using carbon assimilation profiles (ID32C, bioMérieux) or nucleotide sequencing as needed [15] . Because of their low proportion, C. orthopsilosis and C. metapsilosis were included with C. parapsilosis in a ''C. parapsilosis'' complex. The current analysis concerns the incident episodes of candidemia due to common species (i.e., those accounting for at least 1.5 % of all Candida spp.) recorded in adults patients (at least 15 years old) between October 2002 and September 2010.
Definitions
The date of candidemia was the day of blood sampling (day 0). An incident case corresponded to the first episode of positive blood culture. A recurrent episode was considered in case of isolation of the same species at least 10 days after the initial isolation or of a new species with no time limit. To avoid autocorrelation, only incident episodes were considered in the subsequent analysis. Both single (one Candida species) and mixed (more than one Candida species) infections were considered. ICU patients were those hospitalized in ICU at the time of sampling and we individualized candidemia episodes occurring within 48 h of ICU stay vs. those not. First-line antifungal therapy was analyzed only for patients for whom the positivity of the blood culture was known before death and was categorized into four groups: ''fluconazole'', ''echinocandins'' (aggregating all three drugs available), ''other treatments'' (all other antifungal drugs and drug combinations), and ''no treatment'' (no antifungal therapy).
Statistical analysis
Incidence rates were calculated per 10,000 hospitalization days using annual hospital activity data available since 2004 (SAE administrative data, Ministry of Health, DREES). Univariate analysis was based on v 2 or Fisher's exact test when needed for discrete variables. v 2 test for trends was used to determine trends over time in crude mortality and treatments rates, and incidences of candidemia. In order to identify risks factors for fungemia due to non-albicans Candida species, a multivariate multinomial regression analysis was performed using C. albicans as reference. The year of inclusion and all baseline variables representing preexisting conditions of patients before fungemia were introduced into the model. To identify risk factors associated with death in ICU during fungemia (crude death rate), a mixed logistic regression model was used, to account for dependency of measurement within hospitals and adjusted on the basis of the year of inclusion. Three models were built for the three outcomes evaluated, i.e., overall death (at day 30), early death (before day 8), and delayed death (between day 8 and day 30). All covariates associated with the outcome in univariate analysis with a p value less than 0.25 were introduced into the multivariate model to identify covariates significantly associated with the outcome (p \ 0.05) using a backward stepwise procedure. Survivals were compared by the logrank test. Data were analyzed using Stata Statistical Software (version 12.0; College Station, TX).
Results
Characteristics of the population
During the study period, 2,507 patients had candidemia including 95 who developed 122 recurrences. A total of 2,571 isolates were recovered during the incident episodes related mainly to single species (2,424/2,571, 94.3 %). Candidemia occurred in ICU in 48.1 % of the cases and major characteristics of ICU hospitalized patients are provided in Table 1 . Briefly, the majority were male (62 %), with 518/1,206 (43.0 %) patients aged at least 65 years. Surgery within the past 30 days was found in 48.1 % of the patients with digestive tract and cardiovascular surgery representing 45.2 % and 20.7 % of surgical procedures, respectively. C. albicans was involved in 57.1 % of the cases. In ICU, 19.8 % (96/484) of patients developed candidemia within 48 h following admission. Their characteristics did not differ from those developing candidemia later on in terms of age, sex, allogeneic HSCT, transplantation, hematological malignancy, arterial catheter, prior exposure to antifungals, species, and outcome.
When comparing ICU vs. non-ICU patients, the former had more frequent recent surgery and central venous and arterial catheters, were more often preexposed to fluconazole and treated with echinocandin, and were less frequently infected with C. parapsilosis.
Outcome in patients with single species candidemia ICU patients had a higher overall death rate (51 %) than non-ICU patients (30.7 %) (p \ 0.001) and this was also true when considering early deaths (before day 8) (Table 1) . In ICU, the survival rate of patients infected with C. parapsilosis was higher (logrank test p = 0.0005) and that of patients infected with C. krusei (logrank test p = 0.0148) or C. kefyr (logrank test p = 0.0267) lower compared to patients infected by C. albicans (Fig. 1a) . Outside ICU, the survival rate of patients infected with C. parapsilosis was also higher (logrank test p = 0.0018) and that of patients infected with C. krusei (logrank test p = 0.0267) also lower compared to patients infected by C. albicans (Fig. 1b) . All first-line antifungal treatments (fluconazole, echinocandins, or others) were associated with a similar survival (data not shown). The odds of death in ICU was then analyzed according to its timing in patients with single infections using logistic regression analysis ( Table 2) . Independent risk factors for death at 30 days were age, presence of arterial catheter, infection by C. kefyr, preexposure to caspofungin, and lack of antifungal therapy given in those for whom the positivity of the blood culture was known before death and/or for whom the information about treatment was recorded (p \ 0.05). In contrast, recent surgery and infection caused by C. parapsilosis or C. glabrata were protective. The factor associated with the highest odds of death (11.04) was lack of initial antifungal treatment when considering early death before day 8.
Factors associated with infection by non-albicans
Candida species or by multiple species
Since infections due to some non-albicans species are associated with specific management recommendations, we analyzed by multinomial regression analysis the odds of being infected with a given species in comparison with that of being infected with C. albicans in ICU hospitalized patients (Table 3 ). The odds of infection by C. glabrata were increased in older patients and in case of recent exposure to fluconazole or caspofungin. The odds of infection by C. parapsilosis were increased in patients with recent caspofungin exposure. The odds of being infected by C. krusei were reduced in case of recent surgery, and increased in patients with solid tumor or solid organ transplantation, and recent exposure to fluconazole or caspofungin. The odds associated with C. tropicalis candidemia were the presence of hematological disorders and recent exposure to fluconazole while the odds were reduced in case of solid tumor. C. kefyr was associated with recent exposure to caspofungin. Finally, odds associated with candidemia due to multiple species were caspofungin preexposure and active intravenous drug addiction.
Trends over the last decade
The incidence of candidemia in the overall population and in ICU patients increased overtime (p = 0.01 and p = 0.0001, respectively) (Fig. 2) . In the overall population, C. albicans and C. glabrata were responsible for this increase ( Data are mean ± SD or n/N (%) -denominator is specified when missing data HSCT hematopoietic stem cell transplant, BMT bone marrow transplantation a Digestive tract surgery includes gastroesophageal, hepatobiliary, colorectal, and pancreatic surgical procedures b Denominator represents the number of patients for whom the positivity of the blood culture was known before death and/or for whom the information about treatment was recorded incidence of candidemia due to other species remained unchanged during the study period. In ICU patients only C. albicans incidence increased from 4.72 in 2004 to 6.31 episodes/10,000 days of hospitalization in 2009 (p = 0.005). The major characteristics of the patients, including the proportion of older patients, did not change between 2002 and 2010 (data not shown). Preexposure to fluconazole did not change over time, while that of caspofungin increased in ICU patients (p = 0.0004, data not shown). In ICU, prescription of fluconazole decreased over time (from 64.8 to 38.8 % in the first and last year of study, respectively, p \ 0.0001), while that of echinocandins increased over time (from 4.6 to 48.5 % in the first and last year of study, respectively, p \ 0.0001).
Finally, the overall death rate increased over time in ICU from 42.7 % in 2003 to 53.9 % in 2009 (p \ 0.003) but remained unchanged in the overall population (Fig. 2) .
Discussion
On the basis of our analysis of a population whose characteristics are similar to those found in a recent multicenter study of septic shocks attributable to Candida spp. [16] , a significant increasing incidence of candidemia was observed together with an increasing mortality rate in ICU. This was observed through a large prospective multicentric hospital-based surveillance program implemented over almost a decade in the Paris area. Even if we are fully aware that the epidemiology of candidemia is highly variable in Europe and elsewhere, these trends are worrisome in the context of expanded antifungal armamentarium, published management guidelines, and better diagnostic tools available at least in large tertiary care centers such as those involved in the present study [17, 18] .
Of importance, similar incidence trends for candidemia and even other invasive fungal infections were observed recently using national registries in Europe [14, 19] . Indeed, the epidemiology of candidemia that we described here did not differ drastically from recently published data even if some differences can be noted. The global proportion of C. albicans was higher than in two recent North American studies (56 vs. 38-42.1 %) [20, 21] . That of C. glabrata was lower here (13.6 %) than in several recent studies reporting at least 20 % of C. glabrata among isolates causing fungemia [6, 20, 21] . C. parapsilosis ranked second in Spain, Brazil, and Italy and third here [13, 22, 23] . Of note, relative to ICU patients infected with C. albicans, those with C. parapsilosis were less likely to be hospitalized in ICU, those with C. tropicalis were more likely to have hematological disorders and less likely solid tumor, and those with C. krusei were more likely to have a solid tumor and solid organ transplantation but less recent surgery.
The increased incidence found here concerned two species (C. albicans and C. glabrata) at least in the overall population and only C. albicans in ICU. A specific increase in C. glabrata fungemia was recently reported in the USA, Europe, and Brazil [20, 24, 25] . We have no explanation for the increased incidence of C. albicans. We know that species involved can largely be influenced by ecosystems and local management of the patients at risk. In a recent study, 15 % of the patients were preexposed to antifungal, including fluconazole in 64 % and echinocandins in 15 % [7] , while in another one, preexposure concerned up to 43.4 % of the patients [21] especially (more than 67 % of the cases) those with breakthrough episodes [12] . Here, preexposure concerned 10.6 % of patients hospitalized in ICU. Preexposure to fluconazole did not change over time, while that of caspofungin increased in ICU. We and others have previously evidenced the impact of prolonged prior fluconazole exposure on the distribution of Candida species [15, 24, 26] . Interestingly, in the current multinomial analysis performed in ICU patients with C. albicans as the reference, preexposure to fluconazole was an independent factor of infection with C. krusei, C. tropicalis, or C. glabrata, whereas preexposure to caspofungin was an independent factor of infection with C. parapsilosis, C. krusei, C. kefyr, C. glabrata, and mixed infections, thereby emphasizing the broader than expected ecological impact of echinocandin exposure [15, 27, 28] . It should also be remembered that in addition to the emergence of potentially more virulent Candida species induced by echinocandin exposure such as C. krusei and C. kefyr found here, the emergence of echinocandin resistance among usually susceptible Candida species is also worrisome [29, 30] .
Our large database allowed us to focus on trends in death and look for explanations of the increased death rate over time in the overall population and in ICU. The first explanation could be the species involved. Here and in other studies [3, 13, 21, 31] , C. parapsilosis and C. krusei/C. kefyr were associated with the lowest and highest death rates, respectively, while others found an increased death rate among patients with C. tropicalis or C. glabrata fungemia [32, 33] . However, the mortality trends cannot be explained by the evolving distribution of C. parapsilosis or C. krusei/C. kefyr. Another explanation might have been an increased proportion of elderly patients over time in ICU. However, it remained stable yet high (31.8 and 11.1 % of episodes occurred in patients aged at least 65 years and at least 80 years, respectively) as already noted by others with the highest incidence rates of candidemia in adults over 65 [7] . The death rate is also known to depend on underlying diseases or settings, as found here in ICU patients (51 %) and as already reported [14] . However, although mortality remained stable for the overall population, the most worrying finding is its increase in ICU. Several recent studies reported changes in the case-mix of critically ill patients. Nationwide trends of severe sepsis in the USA showed that from 2000 to 2007, more patients had at least three organ system failures [34] . In an Australian tertiary ICU, there was a significant increase in severity of illness and Charlson comorbidity index of the patients over a 16-year study period [35] . Finally, although we did not capture this information during our large prospective surveillance program, unpublished data from ICUs which participated in the present study indicate that the simplified acute physiology score II score and the percentage of mechanically ventilated patients increased from 37, 42 to 44, and from 41, However, a recent study showed an average annual increase in the incidence of severe sepsis of 13 % between 2004 and 2009 while in-hospital death decreased from 35 to 25.6 % across the 6-year period [36] . In addition, a recent metaanalysis of 36 multicenter severe sepsis trials, with a total of 14,418 participants, found a decreasing mortality of 3.0 % annually (95 % CI, 0.8-5.0 %; p = 0.009), decreasing from 46.9 % during years 1991-1995 to 29 % during years 2006-2009 [37] . Thus, it can be speculated that more ICU patients now survive from bacterial sepsis and could be further exposed to life-threatening ICU-acquired candidemia. The lack of overall diminution and a fortiori the increased death rate found in ICU patients are shocking knowing that new antifungals became available and that several guidelines for the management of candidemia were published during the same period. Among ICU patients, 55.4 % were treated with fluconazole and 26.2 % with an echinocandin, a percentage close to what was reported recently in the USA [7] even if more echinocandins were prescribed in one study [31] . Other studies found that receiving an antifungal was an independent factor decreasing both early and late death [22] and that echinocandins as first-line therapy reduced the death rate [38] . In the present study, outcome did not change according to initial antifungal therapy, and only lack of initial antifungal therapy impacted both overall and early deaths. Moreover, preexposure to caspofungin had a negative impact on the outcome. Although numerous other factors not captured here may have influenced the outcome, such as the delayed initiation of adequate antifungal therapy [8, 39, 40] , although controversial [16] , lack of consideration of antifungal dosing issues [40] [41] [42] , and inadequate source control as recently emphasized [16] , both the strong ecological impact and potentially its deleterious effect on outcome emphasize the need for not only triazole but also echinocandin stewardship in our hospitals.
In conclusion we observed an increase in the incidence of candidemia and its death rate in ICU. The causes of these worrisome trends merit further studies.
